The potentiation of the antiviral activity of acyclovir {9-[(2-hydroxyethoxy)methyl]guanine} by polyene macrolide antibiotics has been studied as a function of the macrolide structure. The 12 polyenes chosen for this study represented the major structural groups of these antibiotics and induced in mammalian cells repairable membrane alterations or irreversible cell damage. The potentiating activity of the polyene macrolides was determined based on the differential decrease of in vitro production of infectious virions in the presence of acyclovir alone or in combination with the polyene. Pseudorabies virus, a representative herpesvirus susceptible to acyclovir, was replicated in BHK-21 cells grown in serum-free medium to avoid the interference of serum factors in the polyene macrolide-cell interaction. The potentiation activity of the polyene antibiotics was concentration dependent. The enhancement of the antiviral activity of acyclovir was observed at polyene concentrations which had no direct effect on pseudorabies virus replication in BHK-21 cells. The optimal potentiating concentrations of polyenes were 2 to 15 times lower than that inducing 50% of potassium efflux from BHK-21 cells. The highest potentiating activity was observed for the methyl ester of the trimethylammonium derivative of aureofacin B, which reduced the pseudorabies virus titer by two orders of magnitude. Potentiation by polyene macrolides appeared to coincide with the K+-dependent membrane repair process. The acyclovir potentiating activity was associated with polyene macrolide antibiotics having a large and rigid macrolide ring (amphotericin B and aureofacin). Polyene antibiotics with small and rigid (pimaricin and filipin) or large but flexible (nystatin A1 and lienomycin) macrolide rings showed no potentiation of the antiviral effect of acyclovir.
Polyene macrolide antibiotics were shown to potentiate the effect of antitumor (9, 22) , antiviral (2, 18) , antibacterial (10, 21) , and antifungal (11, 19) agents. The mechanism of the potentiation associated with the action of polyene macrolides remains unknown. In a previous study it was shown that amphotericin B potentiates the inhibitory effect of acyclovir on the replication of pseudorabies virus (PRV) in BHK-21 cells grown in culture (18) . By using the same viruscell system and the procedures described previously (18) , the relationship between polyene-induced potentiation of antiviral activity of acyclovir and the structural characteristics of the polyene antibiotics was studied. Twelve representative polyene macrolides (Table 1) were selected which differed in the size, rigidity, and shape of their macrolide ring (small; large and flexible; large, rigid, and stretched; large, rigid, and bent). These structural characteristics were shown to determine the orientation and location of the macrolide molecule within the membrane (4) and are considered important factors in determining the biological properties of these antibiotics (12) (13) (14) 17) . The effect of each polyene antibiotic on uninfected BHK-21 cells was established by determining the cytostatic concentration (16), the K5^o value (concentration of inducing the loss of 50% intracellular potassium; 16), and the reversibility of the membrane permeability changes induced (16, 17) . The K50 values of polyene antibiotics were also determined for PRV-infected BHK-21 cells and were identical to those measured for uninfected cells (Table 1) . To study the potentiating effect of polyene macrolides, cells were infected with PRV at a multiplicity of infection of 10 for 60 min at 37°C, washed to remove excess virus, and incubated in the growth medium containing acyclovir alone or together with a polyene antibiotic. After 8 h of incubation when one PRV replication cycle was completed, the virus titer was measured by plaque assay (18) . The polyene antibiotics at the concentrations tested (Table 2 ) showed no effect on PRV replication in BHK-21 cells in the absence of acyclovir.
The results obtained showed the relationship between the structure of polyene macrolide antibiotics and the potentiation of antiviral effect of acyclovir against PRV replication in BHK-21 cells grown in culture (Tables 1 and 2 The location of the methyl group(s) also seems to be of great importance because the methyl ester of the trimethylamnmonium derivative (DMS) of aureofacin B showed exceptionally high potentiating activity, much higher than did DMSaureofacin A or DMS-aureofacin E. These compounds are obtained by methylation of aureofacin and are assumed to vary only with respect to the number or location or both of their methyl groups (6, 15) . The large and rigid macrolide ring containing seven conjugated double bonds is known to be of importance with respect to the reversibility of the permeability changes induced by polyene antibiotics in mammalian cell membranes (16, 17) . Therefore, it was not surprising that all polyene antibiotics which potentiated the acyclovir effect against PRV replication in BHK-21 cells Concentration dependency of DMS-aureofacin B on its potentiation of acyclovir inhibitory effect on PRV replication in BHK-21 cells. BHK-21 cells were infected with PRV at a multiplicity of infection of 10 for 60 min at 37°C. After excess virus was removed by cell centrifugation, cells were resuspended at a density of 106 cells per ml of the growth medium containing 10 ,ug of acyclovir per ml and an appropriate concentration of DMS-aureofacin B, ranging from 0 to 0.06 ,Lg/ml. The control set of samples contained only DMS-aureofacin B and no acyclovir. After 8 h of incubation in a shaker at 37°C, duplicate 1-ml samples of the cell suspension were taken from each culture, mixed with equal amounts of virus stabilizer solution, and quickly frozen at -70°C. After the samples were thawed, total infectious virus was measured by plaque assay (18) . produced repairable membrane changes in these cells (Table  1 and 2) . In contrast, all antibiotics which showed no potentiating capability produced nonrepairable membrane damage in the cells. The apparent relationship between potentiation and the repair process can presently not be explained and may be coincidental. Kotler-trajtburg and coworkers (7) suggest that potentiation is related to the dissociation observed between the permeabilizing and the toxic effects induced by polyene antibiotics (3, 16) . The higher value of the dissociation index gives the better prognosis for the expression of the potentiation quality (7) . Results presented suggest that if such a relationship exists it is of a qualitative rather than a quantitative nature, because the dissociation index values of polyene antibiotics do not parallel the degree of enhancement of antiviral activity of acyclovir (Tables 1 and 2) .
Amphotericin B and auireofacin, as well as their derivatives, showed no direct effect on PRV replication under the experimental conditions in the absence of acyclovir (Table  2) . Therefore, the potentiation of the antiviral effect of acyclovir could be due to an increase in its intracellular concentration or to various metabolic alterations induced in the cells by polyene macrolides. Some investigators suggest that polyene macrolide antibiotics increase the membrane transport of ions as well as that of macromolecules (1-3, [8] [9] [10] [11] 20) . Our data show that polyene antibiotics potentiated the antiviral activity of acyclovir when they were used at concentrations several times lower than corresponding K50 contentrations (Pig. 1, Tables 1 and 2 ). This suggests that events in the cell membrane occurring before the formation of the conductive channels (4) are responsible for the expression of the polyene-induced potentiation of the acyclovir antiviral activity.
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